AO-A054  bdtt 
UNCLASSIF ild 


UNION  COLL  SCHENECTADY  N Y INST  OF  ADMINISTRATION  AN— ETC  F/G  12/1 
CONFIDENCE  LIMITS  ON  MTBF  FOR  SEQUENTIAL  TEST  PLANS  OF  MIL-STO  — ETC(U) 
JAN  78  C M BRYANT » J SCHMEE  N00014-77-C-0438 

AES-7805  ML 


FOR  fOiuKER  ; \r 


CONFIDENCE  LIMITS  ON  MTBF  FOR  SEQUENTIAL 
TEST  PLANS  OF  MIL-STD  781 

AES-7805 


t 


D D C 


ADMINISTRATIVE  AND  ENGINEERING  SYSTEMS  MONOGRAPH 


AES-7805 


CONFIDENCE  LIMITS  ON  MTBF  FOR 
SEQUENTIAL  TEST  PLANS  OF  MIL-STD  781 


by 


Clifford  M.  Bryant*  and  Josef  Schmee** 


Knolls  Atomic  Power  Laboratory 
General  Electric  Company 
Schenectady,  New  York 


Institute  of  Administration 
and  Management 
Union  College 
Schenectady,  New  York 


D D C 

caizoiLomi 


2 1978 


TSUall  ITE 

B 


DtMMwfbW  STATEMENT  A 

Approved  lor  public  raloaMti 
OaMbnttOB  Unlimited 


ABSTRACT 


This  paper  presents  tables  for  confidence  limits  on  the 
MTBF  of  an  exponential  distribution  using  observations  from 
sequential  tests  of  MIL-STD  781.  An  example  shows  the  use  of 
the  tables.  The  theory  and  calculation  of  the  tables  are 
explained  in  the  Appendices. 
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1.  INTRODUCTION 


MIL-STD  781  consists  of  a series  of  test  plans  for  the  mean 
time  to  equipment  failure  assuming  an  exponential  distribution 
for  the  time  to  failure.  In  the  (not  yet  approved)  C-version 
of  MIL-STD  781  [11]  sequential  plans  are  numbered  I to  VIII 

and  the  fixed-length  plans  are  numbered  IX  to  XVI.  Plan  XVII, 
an  all  equipment  production  reliability  acceptance  test,  is 
not  considered  here.  The  advantages  of  sequential  plans  over 
fixed-length  plans  are  savings  in  test  time  and  money  at  no 
increase  in  risks. 

The  test  plans  accept  with  a high  probability  (1-nt)  equip- 
ment with  a mean  time  between  failures  MTBF  = 6^,  the  "design 
MTBF , " whereas  they  accept  with  a small  probability  6 equipment 
with  a MTBF  = 0 , the  "low-limit  MTBF,"  where  0^<0g.  Fre- 
quently, a is  referred  to  as  the  producer's  risk  and  8 as  the 
consumer's  risk;  d = 0g/0^  is  the  design  ratio.  The  tabulated 
plans  of  MIL-STD  781  are  for  various  combinations  a = £ = .1, 

.2,  .3  and  the  design  ratios  d = 1.5,  2.,  3. 

The  sequential  test  plans  are  based  on  the  Sequential 
Probability  Ratio  Test  of  Wald  [15]  and  the  theory  of  Epstein 
and  Sobel  [7] , but  are  truncated  to  avoid  the  (small)  probability 
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of  long  test  times.  Exact  properties  are  given  by  Epstein  et  al. 

(61  and  Aroian  [1].  Previous  revisions  of  MIL-STD  781  (A  and  B) 
are  discussed  by  Neathammer  et  al.  [13].  Harter  and  Moore  [9] 
investigate  the  effects  of  failure  to  meet  the  assumption  of  an 
exponential  distribution. 

Once  equipment  has  been  accepted  or  rejected  it  is  often 
desirable  to  find  confidence  limits  on  the  true  MTBF . Estimation 
procedures  for  fixed-length  tests  are  well-known  and  are  discussed 
by  Epstein  (51  and  Mann  et  al.  (10].  Various  attempts  have  been 
made  at  estimating  the  MTBF  after  a decision  has  been  reached  in 
a sequential  test;  see,  for  example,  Aroian  (3],  Aroian  et  al.  [4], 
and  Sumerlin  (14] . For  various  reasons,  these  approaches  are 
not  quite  satisfactory. 

In  section  2 we  present  and  explain  new  tables  for  obtaining 
confidence  limits  on  the  MTBF  after  termination  of  a sequential 
test  using  MIL-STD  781.  A summary  of  the  notation  is  given  in 

Appendix  1.  The  underlying  theory  and  the  methods  of  computation  - 

are  given  in  Appendices  II  and  III. 

2.  CONFIDENCE  LIMITS  FOR  SEQUENTIAL  TEST  PLANS 

This  section  briefly  describes  the  sequential  test  plans  of 
MIL-STD  781  (11].  Then  it  presents  the  tables  of  confidence 
limits  on  the  true  MTBF  and  shows  how  to  use  them.  Acceptance 
can  occur  only  at  discrete  times,  whereas  rejection  can  occur 

V* 


2.  I Tent  Ho  rjionn 


Revision  C of  MIL-STD  781  [11]  specifies  eight  sequential 
test  plans  (I-VIII)  for  various  combinations  of  designated  risks 
<i  = 8 = .1,  .2,  .3  and  design  ratios  d = 1.5,  2.,  3.  The  true 
risks  <»'  and  B'  are  slightly  different  from  the  designated  ones 
and  are  given  in  Table  C-2  of  the  standard. 

The  accept  and  reject  lines  of  the  regions,  as  developed  by 
Epstein  and  Sobel  [7],  are  truncated  to  limit  the  total  duration 
of  a test.  Exact  properties  of  each  region  can  be  found  by 
using  the  direct  method  of  Aroian  [1,2]. 

We  define  tAi  as  the  standardized  acceptance  time,  so  that 
we  accept  equipment  if  not  more  than  i failures  occur  in 
tA.o  hours;  as  the  standardized  rejection  time,  so  that 

we  reject  equipment  if  at  least  i failures  occur  at  or 
before  t-.O.  hours.  Together,  t. . and  t„  are  the  standard  ter- 
mination  times.  The  actual  termination  times  are  obtained  by 
multiplying  the  standard  termination  times  by  0^.  (The  standard 
low-limit  MTBF  is  assumed  to  equal  1.) 

2.2  Confidenoe  Limits  at  Acceptance 

Table  1 presents  conservative  (l-y)100%  standardized  lower 

confidence  limits  0 . and  (l-y)100%  standardized  upper  con- 

Y , l 

fidence  limits  o’  . . on  the  MTBF  for  all  tests  terminated  by  an 
Y , i 

. A A 
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accept  decision  using  Test  Plans  I-VIII  for  y = .5,  .3,  .2, 

. 1,  .05.  A conservative  two-sided  (l-2y)100%  standardized 

confidence  interval  is  ,0  >.  Actual  limits  and 

intervals  are  obtained  by  multiplying  0 . and  0 . by  the 

1 ~Y/i  Y»l 

low  limit  MTBF  0^.  The  derivation  and  computation  of  these 
tables  is  explained  in  the  Appendices. 

t'xample:  Aircraft  Black  Box  Item 

Neathammer  et  al.  [13]  describe  a production  reliability 
acceptance  test  of  a black  box  item  for  an  aircraft.  Using 
the  revised  terminology  and  requirements  of  MIL-STD  781-C, 
the  problem  can  be  stated  as  follows: 

The  consumer  agrees  to  accept  a monthly  production  lot  of 
40  units  with  probability  1-u  = .8,  if  the  true  MTBF  0^  = 100 
hours  and  will  reject  the  lot  with  probability  1-0  = .8,  if 
the  true  MTBF  0^  = 50  hours.  The  designated  risks  are  thus 
a = 0 = .2,  the  design  ratio  d = 100/50  = 2.  Consequently 
Test  Plan  IV  must  be  used.  The  required  minimum  sample  size 
is  3 units. 


The  lot  is  accepted  with 


t . 

0 failures  after  t aQ 0 ^ = 

ro 

00 

X 

50 

hours  - 

140 

hours , 

ii . 

1 failure  after  t-.e,  = 

Al  1 

4.18  x 

50 

hours  = 

209 

hours , 

and 

so  on,  where  tft0  = 2.8,  tft^ 

00 

r-H 

II 

etc . , are 

the 

stand- 

ardized  acceptance  times.  Assume  in  an  actual  test,  relevant 
failures  occurred  at  50,  90,  120,  250,  and  390  hours  of 
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accumulated  test  time.  The  total  accumulated  times  immediately 

after  1,  2,  3,  4 and  5 failures  do  not  lead  to  rejection  and  the 

lot  is  accepted  with  5 failures  after  9.74  * 50  hours  = 487  hours 

total  test  time  (t.c  = 9.74). 

A5 

Suppose  now  an  80%  lower  confidence  limit  on  the  MTBF  is 
desired.  First  we  find  the  const  rvative  80%  standardized  lower 
confidence  limit  u = 1.0459  from  the  appropriate  entry  for 

. to 

Test  Plan  IV  in  Table  I for  y - .2  and  5 failures.  A conserva- 
tive 80%  lower  confidence  limit  on  the  MTBF  is  1.0459  * 50  = 52.3 
hours . 

Similarly,  a conservative  80%  upper  confidence  limit  on  the 
MTBF  is  2.5225  x50  = 126.1  hours,  using  ^ ^ = 2.5225. 

Finally,  a conservative  60%  confidence  interval  on  the  MTBF 
is  52.3  to  126.1  hours. 

Confidence  Limits  at  Retention 

Table  II  presents  exact  (l-y)100%  standardized  lower  con- 
fidence limi.ts  8 and  (l-y)100%  standardized  upper  confidence 
~ Y , t 

limits  0 . on  the  MTBF  for  Test  Plans  I-VIII  terminated  by  a 

Y*  t 

reject  decision  for  selected  values  of  the  standardized  time  t 
and  y = *5,  .3,  .2,  .1,  .05.  The  derivation  and  computation 
of  these  tables  is  explained  in  the  Appendices. 

A test  may  be  terminated  by  a reject  decision  at  any  time  t, 


once  a required  number  of  failures  have  occurred.  Thus  it  is 
impossible  to  tabulate  confidence  limits  for  all  possible  outcomes. 


6 


We  use  linear  interpolation  for  nontabulated  values  of  t,  or 

2 

in  special  cases  use  the  x -distribution  for  exact  limits. 

In  particular,  say  rejection  of  equipment  occurs  after  t0^ 
hours  of  total  test  time.  If  t exceeds  the  smallest  value  in 
Table  II,  the  (l-y)l 00%  lower  confidence  limit  can  be  calcu- 
lated as  follows: 


From  Table  II  we  obtain  0 ....  and  0 such  that 

— y , [ 1 1 ] ~Y,  [ 1 2 ) 

1 1 1 ] < t < [ 1 2 ] and  [tl]  is  the  largest  tabled  time  less 
than  t and  [ 1 2 ] is  the  smallest  tabled  time  greater  than  t. 
Find 


1 1 , 


ti  i 


~\,t  -Y,[tl]  + ~Y,lt2]  " -y, (tl] ] [t2]-[tl]  (1) 

The  actual  (1-y)100%  lower  confidence  limit  on  the  MTBF 

based  on  a rejection  after  t«,  hours  is  then  0 . * 0, . 

1 ~y,t  1 


If  t is  smaller  than  the  smallest  value  in  Table  II  we  use 

2 

the  well-known  relationship  between  the  x and  the  Poisson 
distributions  to  calculate  the  (1-y)100%  standardized  lower 
confidence  limit  on  the  MTBF  as  follows: 


0 


,t  2t/x  1- Y , 2i 


(2) 


2 2 
where  x i „ •>:  is  the  (1-y)100  percentile  of  the  x -distribution 

with  2i  degrees  of  freedom,  and  i is  the  number  of  failures 

which  lead  to  rejection  at  time  tO^.  Harter  [8]  gives  all 

necessary  percentil"'  complete  the  calculation  of  confidence 

limits  in  Table  II. 


r 
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Similarly  we  calculate  a (l-y)100%  upper  confidence  limit, 

7)  ^ x 0,  , on  MTBF  by  interpolation  if  t exceeds  the  smallest 

Y*  t 1 

value  in  Table  II. 

If  t is  smaller  than  the  smallest  value  in  Table  II  we  use 


2t/X‘ 


Y * 2i 


(3) 


2 2 
whore  x 2i  the  "vlOO-th  percentile  of  the  x -distribution 

with  2i  degrees  of  freedom. 

A (l-2y) 100%  confidence  interval  on  the  MTBF  for  a test 
terminated  by  rejection  after  t0.  hours  is  \6n0  , 0.0  > . 


Example:  Aircraft  Black  Box  Item 

Suppose  that  in  the  previous  example  failures  occurred  after 
50,  90,  120,  and  150  hours  total  test  time.  MIL-STD  781  does 
not  require  rejection  after  1,  2,  or  3 failures,  nor  acceptance 
before  150  hours.  However,  rejection  occurs  after  the  fourth 
failure  (i.e.,  150  hours)  since  it  occurs  before  tR4  * = 

3.46  * 50  = 173  hours,  the  lot  is  rejected,  where  the  value 
tR<j  = 3.46  is  given  in  MIL-STD  781C. 

An  80%  lower  confidence  limit  on  the  MTBF  is  calculated  as 
follows:  First  find  0 = 0 _ , where  t = 150/0.  =3.  In 

y gX,  * m j j. 

Table  II  f 1 1 ] = 2.80  with  0 0 ori  = 0.5646  and  [ 1 2 ) = 3.46 

with  0 j 3 46  1 0.6644.  Using  Equation  1 we  calculate 
0 0 = . 595.  An  80%  lower  confidence  limit  on  the  MTBF  given 

/v.  Z , J 

a rejection  after  3 * 0^  = 150  hours  is  ^ 3 * f3i  = *595  * 50 
= 29.7  hours. 





8 

Similarly,  we  can  calculate  an  80%  upper  confidence  limit. 

From  Table  II  we  obtain  0 _ _ = 1.5517  and  0 ~ , .c  = 1.7379. 

giving  1)_  = 1.608.  An  80%  upper  confidence  limit  on  the 

• 2.  , J 

MTBF  qiven  a rejection  after  150  hours  is  0 ^ 3 x ; 

1.608  * 50  = 80.4  hours. 

A 60%  confidence  interval  on  the  MTBF  qiven  a rejection 
after  150  hours  is  29.7  to  80.4  hours. 

s 

3.  CONCLUDING  REMARKS 

The  well-known  advantaqe  of  sequential  life  tests  is 
considerably  shorter  averaqe  termination  times  than  fixed-lenqth 
tests  at  no  increase  in  the  error  probabilities.  This  paper 
presents  results  which  so  far  were  only  available  for  fixed-lenqth 
tests,  based  on  the  work  of  Epstein  [5].  They  allow  the  cal- 
culation of  confidence  limits  after  a sequential  test  is  ter- 
minated. 

| 

The  methodology  described  in  the  Appendix  can  be  applied 
to  a variety  of  tests  for  the  MTBF  assuming  an  exponential 
distribution.  It  is  not  restricted  to  the  tests  listed  in  the 

jj 

standard. 
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APPENDIX  I 


NOTATION 


1/0  exp  {-t/0  ) = 


0 


t 


Ai 


t 


Ri 


Exponential  failure  density  for  t >0, 
assumed  for  MIL-STD  781. 

Mean  time  between  failures  (MTBF ) . 

Design  MTBF,  such  that  if  0Q  is  the  true 
MTBF,  the  lot  is  accepted  with  a high 
probability  1-a. 

Low  limit  MTBF,  such  that  if  is  the  true 
MTBF,  the  test  is  rejected  with  a high 
probability  1-fi. 

The  standard  acceptance  times  so  that  a lot 
is  accepted,  if  not  more  than  i failures 
occur  in  a total  test  time  t^O^  and  the 
test  has  not  been  accepted  or  rejected  before 
it.  Also  tA(J  < tA1  < ...  < tAJ{. 

The  standard  rejection  times  so  that  a lot 
is  rejected,  if  i > r or  more  failures  occur 
on  or  before  a total  test  time  tR^0^  and  the 
test  has  not  been  accepted  before  it.  Also 

fcRr  1 fcRr+l  " * * * ~ tRr+l’ 


AI-2 


( i * t) 


Pf  (i,t) ; 0 } 


(i) 


At, 


A point  in  the  continuation  region  that 
can  be  reached  only  by  the  occurrence  of 
exactly  i failures  in  total  accumulated 
test  time  t,  without  previously  accepting 
or  rejecting  the  test.  Also,  (i,tA^)  is  a 
point  on  the  acceptance  boundary  and  (i,t_.) 
is  a point  on  the  rejection  boundary. 

The  probability  of  i failures  in  total  test 
time  t,  without  an  accept  or  reject  decision 
before  time  t,  based  on  a MTBF  = 0. 

Maximum  number  of  failures  allowed  for 
acceptance . 

Minimum  number  of  failures  required  for 
rejection. 

The  i-th  largest  standard  termination  time 
obtained  by  ordering  a union  of  standard 
acceptance  and  rejection  times  such  that 

t(i-l)  - fc(i)  1 fc (i+1 ) ‘ 

Lengths  of  mutually  exclusive  intervals 
(tjl-l'tfc)  of  time  defined  by 

Atl  = (1) 


= 


t u)"1  u-l) 

t(£)‘t  (s) 


lf  t(£)>t(£-l);  Z>1 
at  vertical  truncation 


where  t , . is  the  largest  standardized  termination 
(3)  k 

time  such  that  t . . < t . 

( s ) ( £ ) 


Clearly  [ At.  = t. . 


£*1 


APPENDIX  II 


CALCULATION  OF  ACCEPTANCE  AND 
CONTINUATION  PROBABILITIES 


In  this  Appendix  we  derive  an  expression  for  P{(i,t);0}, 
the  probability  that  i failures  have  occurred  in  a total  test 
time  t without  terminating  the  test.  In  particular,  we  show 
that 

P{(i,t);0}  = c(i,t)  exp{-t/0  } (t/9)  Vi! 
such  that  c(i,t)  is  a constant  which  does  not  depend  on  the 
parameter  6 but  only  on  the  test  plan. 

We  use  the  direct  method  of  Aroian  [1,2]  and  an  observation 
by  Sumerlin  [14]  to  calculate  the  constants  c(i,t)  which 
greatly  facilitate  the  calculation  of  confidence  limits. 

The  regions  of  a sequential  test  plan  for  the  exponential 
distribution  are  specified  in  the  (failure,  time)  plane.  The 
test  is  at  a point  (i,t)  in  the  continuation  region,  if  exactly 
i failures  have  occurred  in  a total  test  time  t and  the  test 
has  not  been  terminated  prior  to  time  t.  We  restrict  our  dis- 


cussion without  loss  of  generality  to  points  with  t^  , the 
ordered  termination  times  as  the  second  coordinate. 


Consider  a point  (i,t^j).  The  time  interval  ^0,t(k)^ 
can  be  separated  in  mutually  exclusive  subintervals  (°'t(l)') 


(t(l)'t(2 


)')'••"  ( t(k-l)'t(k)'>  * 


i 


AII-2 


For  a fixed  MTBF  = 0,  the  probability  that  failures 
occur  in  one  of  these  intervals  t ^ ^ is  by  the 

assumption  of  exponentiality 

Pt6£  failures  in  t(£)');  = 

exp  {-  Atg/e}  (At^/0)  /6?!, 

where  ^ is  a nonnegative  integer  random  variable. 

By  the  independence  of  the  failure  times,  the  probability 

of  one  possible  test  outcome  (6^ , 6^  , . . . , <$k)  with  i failures  in 

a total  test  time  t^j  is  the  product  of  the  probabilities  that 

A?  failures  occur  in  each  of  the  k subintervals  t ^ ^ , 

with  the  restriction  that  [ 6.  = i and  the  test  is  not  terminated 

£=1 

before  t ^ . Formally  we  can  write 

k 

P { ( 6 ^ , 62,...  6k)  ; l 6^  = i,  no  termination  before  t^,©} 

£“1 

k 6 n 


= l exp  {-At„/0}  (At  /0)  l/6J 


1=1 


k <5t  k 6{ 

= II  exp(-At„/0}  (1/0)  * n (At.)  * /<V 
1=1  SL=1 

i K 6* 

= exp{-tjkj/0}  (1/0)1  H (At0)  / 6 0 1 


£=1 


The  probability  of  i failures  in  a total  test  time  t 
without  termination  prior  to  time  t is 


(k) 


AII-3 


P{  (i,t  ^ j ; 0 I = £P{  (6.^  , 62  • • • • » &y)  ; Iby  = i»  no  termination 

s 

before  t ^ j , 0 } 


' * o 0 

= exp{-t,^/9}  (1/e ) 1 l n (Ats)  /6  £i 


S £=1 


= exp{-t(k)/0}  (I/O)1  c’(i,t(k)) 


(AII-1 ) 


where  } denotes  summation  over  all  possible  outcomes  ( 6^ , 62 • • • • • i$k ) 
S 

which  do  not  result  in  termination  of  the  test  before  t^  and 
= i.  Note  that  the  coefficient  c'(i»t^  ) does  not  depend 

on  0. 

To  calculate  c'(i»tjkj)  by  direct  enumeration  over  all  pos- 
sible outcomes  ( 6^, <S2 • • • • • <$k)  is  still  very  cumbersome.  Instead 
we  use  the  direct  method  of  Aroian  [2]  to  evaluate  P{  (i , t ^ ) ; 9 } 
for  some  value  of  0,  say  0=1.  Then  we  divide  by  the  Poisson 
probability  of  i failures  in  time  t^  given  0.  This  yields 


c(i't(k))  = c' (i*t (kj )exp{-t  (kj/G } (1/0) y 


/exp{-t(k)/0}t(k)  (1/0)  Vi!^ 


c'  (i,t(k) )i!  (1/t (k) ) 


(AII-2) 


For  tabulation  the  coefficients  c(i,t^)  are  preferable  to 
c'(i,t^kj)  since  they  have  a more  convenient  range  for  combinations 
of  i and  t ^kj . Thus  we  have  shown  that  the  probability  that  i 
failures  have  occured  in  a total  test  time  t ^ without  prior 
termination  is 


P{  (i,t  (k) ) ; 0}  = c (i , t)  exp  {-t(k)/B}(t(k)/6)  /i! 


I 


APPENDIX  III 


DERIVATION  OF  CONFIDENCE  LIMITS 

In  this  Appendix  we  derive  separate  (l-y)100%  upper  and 
lower  confidence  limits  on  the  MTBF,  for  sequential  tests  of 
MIL-STD  781.  Different  derivations  are  necessary  since  the 
time  to  termination  by  acceptance  is  a discrete,  "Pascal-type" 
random  variable,  whereas  the  time  to  termination  by  rejection 
is  a continuous  "gamma-like"  random  variable.  The  observations 
after  acceptance  are  time-censored;  after  rejection  they  are 
failure-censored . 

Confidence  Limits  at  Acceptance 

In  this  section  we  derive  conservative  standardized 
(1-y) 100%  lower  and  upper  confidence  limits  on  the  MTBF  for  the 
case  that  an  accept  decision  has  been  reached  based  on  i fail 
ures  occurring  in  a total  standardized  test  time  tA^,  i=l,...,a.  I 

Accept  decisions  can  be  made  only  at  the  discrete  set  of  test  j 

times  i=l,...a}.  Thus  the  time  to  acceptance  is  a "Pascal- 

type"  random  variable.  The  probability  to  accept  with  exactly 
i failures  is  discrete. 

Confidence  limits  are  derived  using  the  statistical  method 
described  in  Mood,  Graybill  and  Boes  [12].  For  discrete  dis- 
tributions this  method  gives  conservative  confidence  limits. 

Let  P {(s,tAg);ft>  be  defined  as  before.  Suppose  the  test  is 

. A 


accepted  after  tft^  time  units  with  i failures. 

^ . . — - - — * 


AIII-2 


A conservative  standardized  (1-y)100%  lower  confidence 


Limit  . on  the  MTBI-’  satisfies  the  equation 
i 

V = 2„P{  (s,tn  ) ; 0 . > 

s-0  As ' ~y,i 


(AIII-1) 


= SI0° 1 S ' tAs>  exp  t"tAs/“'f ' 1 1 ' 1 1 S 

Similarly,  a conservative  standardized  (1-Y)100%  upper 

confidence  limit  G . on  the  MTBF  satisfies  the  equation 

Y r i 

a ^ _ 

Y = l P{  (s,t-  ) jl)  . } + P{re jection  of  test;*©  . 1 
0—  ^ Y/i  Y f 


This  is  equivalent  to  writing 


1-Y  = l P(  (s,  t ) ;Tf  . ) 
s=0  AS  y>1 


(AIII-2) 


* Lc  {[ 3 ’ W ’ eXP  1 ‘‘as^y  , i 1 (tAS/?Y , i > S 
s u 

A conservative  standardized  ( 1— y ) 100%  two-sided  confidence 
interval  on  the  true  MTBF  is  (^>y/2  i'^y/2  i^‘ 

Equations  AIII-1  and  AIII-2  can  be  solved  for  0 . and 

~Y , l 

. by  the  bisection  method.  The  coefficients  c(s,t)  are 
Y / 1 

calculated  as  described  in  Appendix  II. 


AT  1 1- 3 


Con  fi  donee  l.imits  at  Rejection 


In  this  section  we  derive  exact  (1-y)100%  lower  and  upper 
confidence  limits  on  the  MTBF , for  the  case  that  a reject  deci- 
sion has  been  reached  based  on  i failures  occurring  after  a 
total  test  time  t,  where  tR^_^  < t < tR^  and  r £ i < a + 1. 

Reject  decisions  can  be  reached  at  any  time  as  soon  as  a 
certain  minimum  number  of  failures  have  occurred  (this  minimum 
number  depends  on  t).  Thus  the  time  to  rejection  is  a con- 
tinuous "gamma-like"  random  variable. 

Confidence  limits  can  be  derived  as  follows:  let 
PRej(t;0)  be  the  probability  that  a test  results  in  a reject 
decision  on  or  before  a total  test  time  t,  given  that  the 
MTBF  is  f).  The  test  is  terminated  with  a reject  decision  at 
time  t with  i failures,  where  tR^_^  ^ t < tR^  and  r < i < a+1. 


A standardized  (l-y)100%  lower  confidence  limit 
satisfies  the  equation 


Y,t 


T * PRej(t'A,t)- 


(AIII-3) 


A standardized  (1-y)100%  upper  confidence  limit  fl 

Tft 

satisfies  the  equation 


1-Y  = Pn  • (t . ) . 
Re]  Y»t 


(AIII-4 ) 


AIII-4 


Noting  that 


PRej(t;o)  = 1 - P (Acceptance  on  or  before  t;0) 
- P (Continuation  at  t;0) 


(AIII-5: 


it  is  possible  to  express  P .(t;9)  in  terms  of  the  equations 

KG  3 

(AII-l)  and  (AII-2)  In  particular,  for  tR^_^  < t < tRi 
and  r < i < a+1, 

n (t) 

P (Acceptance  on  or  before  t;0)  = £ P{(s,t  );0}  (AIII-6) 

OAS 


P (Continuation  at  t;0)  = J Pf(s,t);0} 

s=n (t) +1 


(AIII-7 ) 


where  n(t)  is  the  maximum  number  of  failures  which  may  occur 

such  that  an  accept  decision  occurs  on  or  before  a total  test 

time  t.  We  combine  equations  (AIII-5),  (AIII-6),  and  (AIII-7) 

and  substitute  them  into  (AIII-3)  and  (AIII-4).  These  latter 

equations  are  solved  for  0 . and  0 for  various  values  of  y 

~/y,t  y , t 

by  the  bisection  method.  We  tabulate  confidence  limits  at 
selected  values  t such  that  the  linear  interpolation  between 
the  t's  is  convenient. 


I 


r 


LOWER  CONFIDENCE  LIMITS  FOR  THETA  ON  THE  ACCEPTANCE  BOUNDARY 


MIL-ST0-7MC  TEST  PLAM  I D = 1.5  ALPHA  = BETA  = 0.10 

NUMBFR  OF  TOTAL 


FAILURES 

i 

TEST  TIME 

Y*.5a 

Y=.  30 

Y=»  2 0 

o 

yri 

• 

II 

Y=.  0 5 

X 

0 

6.60 

9.5218 

5.4818 

4.1008 

2.6664 

2.2031 

1 

7. 82 

4.5976 

3.1616 

2.5747 

1.9807 

1.6230 

2 

9.03 

3.3006 

2.4386 

2.0589 

1.6531 

1.3957 

3 

10.25 

2.70  7 4 

2.0843 

1.7977 

1.4611 

1.2737 

4 

11.46 

2.3664 

1.8726 

1.6387 

1.3743 

1.1971 

5 

12.  6« 

2.1462 

1. 7326 

1.5324 

1.3022 

1.1453 

6 

13.91 

1.9928 

1.6337 

1.4569 

1.2508 

1.1083 

7 

15.12 

1.8795 

1.5591 

1.3996 

1.2117 

1.0802 

A 

16.74 

1.7908 

1. 5014 

1.3553 

1.1814 

1.0585 

9 

17.55 

1.7210 

1.4552 

1.3197 

1.1571 

1. C 412 

in 

16.77 

1.6645 

1.4177 

1.2908 

1.1374 

1.C273 

n 

19.96 

1.6175 

1. 3864 

1.2667 

1.1210 

1.0158 

12 

21.20 

1.5781 

1.3602 

1.2465 

1.1074 

1.0063 

13 

22.41 

1.5443 

1.3376 

1.2292 

1.0957 

.9982 

14 

23.63 

1.5153 

1.3163 

1.2143 

1.0858 

.9913 

15 

24.  84 

1.4899 

1.  3014 

1.2013 

1.0772 

. 9854 

16 

26.06 

1.4677 

1.2866 

1.1900 

1.0697 

.9804 

17 

27.29 

1.4462 

1.2736 

1.1802 

1.0632 

.9760 

in 

2*. 50 

1.433  7 

1.2620 

1.1713 

1.0574 

.9722 

19 

29.  72 

1.4150 

1. 2516 

1.1635 

1.0523 

.96  88 

20 

30.93 

1.40  0 9 

1.2423 

1 . 1 5 64 

1.0477 

.9658 

21 

32.15 

1.3891 

1.2338 

1.1500 

1.0437 

.9632 

22 

33.36 

1.3754 

1.2262 

1.1442 

1.0400 

.9608 

23 

34.56 

1.3658 

1.2192 

1.1390 

1.0367 

.95  88 

24 

35.79 

1.3551 

1.2129 

1.1342 

1.0337 

.9569 

25 

37.01 

1.3472 

1.2070 

1.1299 

1.0310 

.9552 

26 

36.22 

1.3390 

1.2016 

1.1259 

1.0285 

.9537 

27 

39.44 

1.3314 

1.1967 

1.1223 

1.0263 

.9523 

26 

40.67 

1.3245 

1.1922 

1.1190 

1.0243 

.9511 

29 

41. 68 

1.3180 

1.1881 

1.1159 

1.0224 

.9500 

30 

43.10 

1.3120 

1.1642 

1.1131 

1.0207 

.94  90 

31 

44.31 

1.30  54 

1.1806 

1.1104 

1.0192 

.94  81 

32 

45.  *3 

1.3012 

1.1773 

1.1080 

1.0177 

.9472 

33 

46.74 

1.2964 

1.1741 

1.1057 

1.0164 

.9465 

34 

47.96 

1.2918 

1.1713 

1.1036 

1.0152 

. 9458 

35 

49.17 

1.2876 

1.1685 

1.1017 

1.0141 

.9452 

36 

49.50 

1.2797 

1.1632 

1.0977 

1.0116 

,9437 

37 

49.50 

1.2652 

1.1533 

1.0899 

1.0064 

.9404 

38 

49.50 

1.2493 

1.1403 

1.0791 

.9987 

.9351 

39 

49.50 

1.233  8 

1.1254 

1.0664 

.9890 

.92  79 

40 

49.50 

1.2120 

1.1097 

1.0526 

.97  80 

.9194 

Table  I: 

(l-y)100%  standardized 

confidence  limits 

on  MTBF 

after  accept 

decision . 

(LOWER 

- e . ) 

''•Y»l 

a 


t 


10 HER  CONFIDENCE  LIMITS  FOR  THETA  ON  THE  ACCEPTANCE  BOUNOARY 


r 


MlL-ST0-7«iC  TEST  PLAN  II  0 = 1.5  ALPHA  = BETA  = C.20 


NUMBFR  OF 
FAILURES 
i 

0 

TOTAL 
TEST  TIME 

Y=  .5  3 

Y«  .30 

O 

CM 

• 

II 

>- 

II 

• 

h* 

o 

y=  .0  5 

4.19 

6.0449 

3.4801 

2.6034 

1.8197 

1.3987 

1 

5.40 

3.1261 

2.1477 

1.7475 

1.3425 

1.0984 

? 

6.62 

2.3601 

1.7401 

1.4669 

1.1746 

.9889 

3 

T.  83 

2.0077 

1.5412 

1.3264 

1.0887 

.9326 

4 

9.05 

1.8059 

1.4246 

1.2432 

1.0376 

.8993 

5 

10.26 

1.676  8 

1.3478 

1.1882 

1.0039 

.8776 

6 

11.49 

1.587  3 

1.2946 

1.1501 

.9808 

.86  31 

7 

12.71 

1.5210 

1.2555 

1.1222 

.9641 

.8527 

8 

13.92 

1 . 47 1 8 

1.2256 

1.1009 

.9515 

.8451 

9 

15.14 

1.4330 

1. 2024 

1.0844 

.9419 

.8394 

10 

16.35 

1.4019 

1.1839 

1.0714 

.9344 

.8351 

11 

17.  57 

1.3759 

1.1691 

1.0610 

.9286 

.8317 

12 

18.70 

1.3553 

1.1568 

1.0525 

.9239 

.82  92 

13 

19.99 

1.3392 

1.1467 

1.0455 

.9201 

.8271 

14 

21.21 

1.3249 

1.1384 

1.0398 

.9170 

.8255 

15 

21 . 90 

1.3072 

1.1273 

1.0320 

.9127 

.8232 

16 

21.90 

1.2764 

1.1059 

1.0155 

.9023 

.8169 

17 

21.90 

1.2420 

1.0799 

.9943 

.8874 

. 8068 

1 8 

21.90 

1.2109 

1.0546 

.9727 

.8709 

.7946 

LOWER  CONFIOE  NCF  LIMITS  FOR  THETA  ON  THE  ACCEPTANCE  BOUNOARY 
MIL-ST0-781C  TEST  PLAN  III  D = 2.0  ALPHA  = BETA  = 0.10 


NUMBER  OF  TOTAL 


FAILURES 

i 

0 

TEST  TIME 

y=  .55 

y=  .30 

y=  .20 

o 

• 

II 

y-  .05 

4.40 

6.3479 

3. 6546 

2.7339 

1.9109 

1.  46  88 

1 

5.79 

3.3364 

2. 2913 

1. 8638 

1.4311 

1.1704 

|j 

2 

7. IP 

2 . 54  3 5 

1.8741 

1.5790 

1.2632 

1.0627 

3 

8.56 

2.1789 

1.6712 

1.4372 

1.1783 

1.0080 

4 

9.94 

1.9708 

1.5521 

1.3532 

1.1278 

.9760 

9 

11.34 

1.8385 

1.4754 

1.2992 

1.0956 

.9559 

1 

6 

12.72 

1.7466 

1.  4218 

1.2614 

1.0734 

.9424 

7 

14.10 

1.6799 

1. 3827 

1.2339 

1.0r75 

.9329 

8 

15.49 

1.6300 

1. 3535 

1.2135 

1 . 0 '*  5 9 

• 926J 

9 

16.88 

1.5916 

1. 2311 

1.1980 

1.03/2 

. 9213 

10 

18.26 

1.5613 

1.3135 

1.1858 

1.0305 

.9177 

11 

19.65 

1.5371 

1.2995 

1.1763 

1.0254 

‘ .9150 

12 

20.68 

1.5112 

1.2839 

1.1654 

1.0194 

.9117 

13 

20.60 

1.4661 

1.2530 

1.1418 

1.0045 

.9026 

! 

14 

20.60 

1.4173 

1.2163 

1.1120 

.9835 

. 8882 

15 

20.60 

1.3755 

1.1825 

1.0830 

.9613 

.8715 

Table  I:  (cont’d)  (LOWER  - 9 .) 

^ T 9 1 

H 


LOWER  CONFIDENCE  LIMITS  FOR  THETA  ON  THE  ACCEPTANCE  80UN0AR Y 


HIL-ST0-7A1C  TFST  PLAN  IV  0 = 2.0  ALPHA  = BETA  = 0.20 


NUMBER  OF  TOTAL 


FAILURES 

TFST  TIME 

Y=.5J 

y=.  30 

Y=.20 

o 

• 

II 

Y=  • 0 5 

1 

0 

2. 80 

4.0395 

2.3256 

1.7397 

1.2160 

.9347 

1 

4.10 

2.1277 

1. 5933 

1.2927 

. 9000 

.00  42 

2 

5.50 

1.0937 

1. 3022 

1.1501 

.9101 

.7650 

3 

6.96 

1.6935 

1.2065 

1.0960 

.0069 

.74  05 

4 

0.34 

1.5977 

1.2351 

1.0643 

.0710 

.7407 

5 

9.74 

1.53  0 5 

1.20  54 

1.0459 

.0626 

.7360 

6 

9.74 

1.44  0 6 

1.1502 

1.0066 

.0403 

.7245 

7 

9.74 

1 .3753 

1.0906 

.9662 

.0133 

.7069 

LONER 

CONFIDENCE 

LIMITS 

FOR  THETA 

ON  THE  ACCEPTANCE  BOUNDARY 

MIL-ST0-781C  TFST  PLAN 

V O = 

3.0  ALPHA  = BETA 

= 0.10 

NUMBER  OF 
FAILURES 
i 

0 

TOTAL 
TEST  TIME 

Y=.5D 

Y=.30 

Y=.  20 

Y=.10 

II 

• 

o 

vn 

3.75 

5.4101 

3.1147 

2.3300 

1.6286 

1.2518 

1 

5.40 

3.0397 

2.0031 

1.6915 

1.2950 

1.0557 

2 

7.05 

2.420  0 

1. 7755 

1.4909 

1.1061 

.9918 

3 

0.  70 

2.1462 

1.6333 

1.3972 

1.1357 

.9633 

4 

10.35 

1.9966 

1. 5547 

1.3457 

1.1007 

.94  07 

5 

10.35 

1.7947 

1.4266 

1.2504 

1.0401 

.9093 

6 

10.35 

1.6326 

1. 3112 

1.1575 

.9811 

. 8600 

LONER 

CONFIDENCE 

LIMITS 

FOR  THETA  ON 

THE  ACCEPTANCE  BOUNOARY 

MIL-STO-701C  TEST  PLAN 

VI  0 = 3. 

0 ALPHA 

= BETA 

= 0.20 

NUMBER  OF 

TOTAL 

FAILURES 

i 

TEST  TIME 

Y=.53 

Y=.30 

Y=.  2 0 

Y=.10 

Y=  • 05 

0 

2.67 

3.85  2P 

2.2177 

1.6590 

1.1596 

.8913 

1 

4.32 

2.3418 

1.5900 

1.2932 

.9042 

.7974 

2 

4.50 

1.6344 

1.2039 

1.0142 

.0111 

.6018 

Table  It  (cont’d)  (LOWER  - 0 .) 

■~y , i 


LOMFR  CONFTDFNCf  LIMITS  FOR  THFTA  ON  THE  ACCEPTANCE  BOUNDARY 


MTL-STD-701C  TFST  PLAN  VII  D = 1.5  ALPHA  * BETA  = 0.30 


NUM9FR  OF 
FAILURFS 

i 

TOTAL 
TFST  TIME 

Y*  .50 

Y=  .30 

Y=  • 2 0 

Y=  .10 

Y-  .05 

n 

3.15 

4,5445 

2.6163 

1.9572 

1.3600 

1.0515 

l 

A.  37 

2 . 40  5 4 

1.  7049 

1.3056 

1.0622 

. 0673 

2 

5.58 

1 .5410 

1.4273 

1.2007 

.95  80 

.8035 

3 

6.80 

1.6951 

1.2959 

1.1116 

.9077 

. 7733 

4 

6.00 

1.4214 

1.1207 

.97  84 

.8175 

.7092 

5 

6.00 

1.2142 

.9756 

.6611 

.7302 

.6412 

LnwtR 

CWIPENCF  LIMITS 

FOR  THFTA 

ON  THE  ACCEPTANCF  RPUNOARY 

4TL-S 

TQ - 70 10 

TEST  PLAN 

VIII  P = 

2.0  ALPH \ r BFTA 

II 

O 

• 

CM 
v— * 

NJN9CR  OF 
FAILURES 
i 

0 

TOTAL 

TEST  TIHF  y * . 5 0 

Y-.30 

Y=.20  Y=.10 

Y = . 3 5 

1.72 

2.4014 

1.4206 

1.0687  . 7470 

. 574? 

1 

J.l  0 

1.6120 

1.0939 

.8814  . 6656 

.5352 

2 

4.50 

1. 3067 

1. 0011 

.8298  .6451 

. 5258 

Table  It  (cont'd)  (LOWER  - 0^  i) 


best .available  copy 


UPPER  CONFIDENCE  LIMITS  FO*  THfcTA  ON  THE  ACCEPTANCE  BOUNDARY 


wIL-sTD-781C  TEST  PLAw  I n ■ 1.5  ALPHA  ■ BETA  ■ 0*iO 


NUMBER  OF 

failures 

TOTAL 

TEST  time 

Y *.50 

y = . 3 0 

Y *#20 

II 

• 

•— * 

o 

Y =.05 

1 

0 

6 « t>0 

(1) 

(1) 

(1) 

(1) 

(1) 

1 

7.82 

9.5218 

Ib.5043 

29.5773 

62.6420 

1 28,6742 

2 

9.03 

4.5976 

7.0344 

9.3651 

14.5198 

21.7317 

3 

10.25 

3.3006 

4.6155 

5.7565 

0.0215 

10.8141 

4 

11.46 

2.7074 

3.6017 

4.3365 

5.7125 

7.2981 

5 

12.68 

2.3664 

3.0469 

3.5864 

4.5592 

5.6329 

6 

13.91 

2 , 1462 

2.6995 

3.1268 

3.8772 

4,6806 

7 

15.12 

1.9928 

2.4623 

2.8179 

3.4297 

4.0699 

n 

16.34 

1.8785 

2.2886 

2.5942 

3.1118 

3.6437 

9 

1 7 ,55 

1.7908 

2.1567 

2.4?60 

2.8759 

3.3316 

10 

18.77 

1.7210 

2.0527 

2.2941 

2.6931 

3.0924 

II 

19.98 

1.6645 

1 .9690 

2.1886 

2.5482 

2.9043 

12 

Pi  .20 

1.6175 

1 .8998 

2.1017 

2.4297 

2.7517 

13 

?2.4l 

1.5781 

1 .8420 

2.0294 

2.3317 

2.626? 

14 

?3.63 

1 .5443 

1 .7927 

1.9679 

2.2488 

2.5205 

15 

24,84 

1.5153 

l .7504 

1.9153 

2.1782 

2.4308 

16 

P6.06 

1,4899 

1.7135 

1.8695 

2.1169 

2,3534 

IT 

27.29 

1.4677 

1.6812 

1.8295 

2.0635 

2.286? 

IB 

28.50 

1 .4482 

1 .6529 

1 .7944 

2.0169 

2.2276 

19 

?9.72 

1.4307 

1 .6275 

1.7630 

1 .9752 

2.1754 

20 

30.93 

1.4150 

1 .6048 

1.7349 

1 .9381 

2.1290 

21 

32.15 

1.4009 

1.5843 

1.7096 

1 .9046 

2.0873 

22 

33.36 

1.3881 

1 .5657 

1 .6868 

1.8745 

2.0499 

23 

3*. 58 

1.3764 

1 .5488 

1 .6659 

1 .8472 

2.0159 

2* 

35.79 

1.3658 

1 .5335 

1.6470 

1 .8224 

1.905? 

25 

37.01 

1.3561 

1 .5194 

1.6297 

1 .7996 

1.9571 

26 

38.22 

1.3472 

1 .5065 

1.6138 

1.7788 

1.9315 

2T 

39.44 

1.3390 

1 .4945 

1.5991 

1 .7597 

1.9079 

2B 

40.67 

1.3314 

1 .4836 

1.5857 

1.7421 

1.8863 

29 

41.88 

1.3245 

1 .4735 

1.5733 

1 .7260 

1*8666 

30 

43.10 

1.3180 

1 .4641 

1.5618 

1.7110 

1.848? 

. 31 

44,31 

1.3120 

1.4554 

1.5511 

1 .6971 

1.831? 

32 

45.53 

1.3064 

1 .4472 

1.5411 

1.6841 

1.8154 

33 

46,74 

1.3012 

1 .4397 

1.5318 

1.6721 

1,8008 

34 

47,96 

1.2964 

1.4325 

1.5231 

1.6608 

1,7872 

35 

49.17 

1.2918 

1.4259 

1.5150 

1.6503 

1.7745 

36 

49,50 

1.2876 

1 .4197 

1.5073 

1.6405 

1.7627 

37 

49.50 

1.2797 

1 .4088 

1 .4944 

l .6246 

1.7442 

38 

49.50 

1.2662 

1 .3913 

1.4744 

1 .6010 

1.7177 

39 

49.50 

1.2493 

1 .3705 

1.4512 

1 .5746 

1.6889 

40 

49.50 

1.2308 

1 .3485 

1.4272 

1.5479 

1.6606 

(I)  THF  JOPER  LIMIT  ON  THrTA  TS  INFlNJTEt  WITH  ZERO  OBSERVfO  FAILURES 


Table  I:(contfd)  (UPPER  - 0 .) 

Y 9 * 


IIPPFP  CONFIDENCE  LIMITS  FO*  THETA  ON  THE  ACCEPTANCE  BOUmOAPY 


MTL-ST0-7BIC  TEST  PLAm  II  n = 1.5  ALPHA  ■ BETA  ■ 0.2o 


numbfp  of 
FAILURES 

TOTAL 
test  TIME 

Y ~ ,50 

Y = , 30 

T=  .20 

Y=  .10 

T=  .05 

i 

0 

4.19 

(1) 

(1) 

(1) 

(D 

(1) 

1 

S.*0 

6.0449 

11.7474 

18.7771 

39.7682 

81.6006 

? 

6.62 

3.1261 

4.7665 

6.3746 

9.8867 

14,0006 

3 

7.83 

2.3601 

3.3054 

9.1254 

5.7531 

7.7597 

4 

9.05 

2.0077 

2.6766 

3.2260 

4.2544 

5.4393 

5 

10.26 

1 .8069 

2.3329 

2.7497 

3.5009 

4,3300 

4 

11.49 

1 .6766 

2.1162 

2.4553 

3.0507 

3.6B04 

7 

12.71 

1.5B73 

1.9693 

2.25B5 

2.7563 

3.2700 

A 

13.92 

1.521B 

1 .6630 

2.1175 

2.5491 

2.9943 

9 

15.14 

1.471B 

1.7827 

2.0117 

2.3961 

2.7BR1 

10 

16.35 

1.4330 

1.7207 

1.9307 

2.2801 

2,6339 

11 

17.57 

1.4019 

1.6713 

1.6666 

2.1895 

2.5150 

1? 

18.78 

1.3769 

1.6317 

1.8153 

2.1179 

2.4221 

13 

19.99 

1.3563 

1 .5992 

1.7735 

2.0599 

2,3400 

14 

21.21 

1.3392 

1.5722 

1.7389 

2.0127 

2.2A04 

15 

21.90 

1.3249 

1 .549B 

1.7103 

1.9739 

2.2403 

16 

21.90 

1.3072 

1.5233 

1.6776 

1.9316 

2.1901 

17 

21.90 

1.2764 

1.9619 

1.6293 

1 .0793 

2.1273 

IB 

21.90 

1.2920 

1.9391 

1.5818 

1.8219 

2.0744 

UPPEo 

COnFIOENCE 

LIMITS 

FOR  THETA 

On  the  ACCEPTANCE  BOUNDARY 

MIL-STD-78IC  TEST  P LAm 

III  n ■ 

2,0  ALPHA  ■ BETA 

■ 0.  lo 

numBfr  OF 
FAILURES 

i 

0 

total 
TEST  time 

Y=*50 

Y=.30 

Y = ,20 

O 

• 

II 

>- 

it 

0 

. 

II 

>■ 

4.40 

(1) 

(1) 

(1) 

(1) 

(1) 

1 

5.79 

6.3479 

12.3362 

19.7182 

41  .7613 

05.7B2B 

2 

7.18 

3.3364 

5, 1098 

6.8060 

10.5571 

15.0052 

3 

8,56 

2.5435 

3.5638 

4 . 4489 

6.2057 

8,3716 

4 

9.94 

2.1789 

2,9069 

3.5047 

4,6238 

5,91.35 

5 

•11.34 

1.9708 

2.5470 

3.0036 

a. 8270 

6.7365 

6 

12.72 

1.8385 

2.3236 

2.69B3 

3.3570 

6.0641 

7 

14.10 

1.7466 

2.1710 

2.4928 

3.0484 

3,6333 

B 

15.49 

1.6799 

2.0615 

2.3469 

2.8333 

3,3390 

9 

16,88 

1.6300 

1.9802 

2.2395 

2.6775 

3.1295 

10 

18.26 

1.5916 

1.91BJ 

2.1579 

2.5608 

2.9752 

11 

19.65 

1.5613 

1 .8692 

2.0941 

2.4709 

2.0585 

12 

20.60 

1.5371 

1 .8303 

2 . 0438 

2.4009 

2.7693 

13 

20.60 

1.5112 

1 .7905 

1.9936 

2.3339 

2.6073 

14 

20.60  • 

1.4661 

1 .7287 

1.9206 

2.2453 

2.5000 

15 

20.60 

1.4173 

1 .6671 

1.8515 

2.1682 

2.5092 

(it  Thf  JPPEP  LIMIT  ON  THfTA  tS  INFlNTTEt  WITH  Z^DO  OHSERVFO  FAILURES 

JJEST_  AVAILABLE  COPY 


Table  Is  (cont'd)  (UPPER  - , ) 

T / 1 


r 


UPPFQ  CONFIDENCE  LIMITS  FO«  THETA  ON  THE  ACCEPTANCE  ROUndARY 


MIL-ST[)-781C 

TEST  PLAN 

IV  n a 

2.0  ALPHA  a BETA 

■ 0,20 

NUMbFW  OF 

tOTaL 

FAILURES 

■» 

TEST  TIME 

Y*  .50 

C 

• 

II 

Y=  .20 

O 

r— < 

• 

II 

Y = .05 

X 

n 

2,80 

(1) 

(1) 

<1> 

(1) 

( 1 ) 

1 

4. IB 

4.0395 

7,8503 

12.5^80 

26.5754 

54.5B91 

2 

5. SB 

2.3277 

3.5732 

4.7640 

7.3975 

11.0817 

3 

6. 9b 

1.8907 

2.66B1 

3.3453 

4.6985 

6.3838 

4 

B.34 

1.6995 

2.2978 

2.7963 

3.7496 

4,8858 

5 

9.74 

1.5977 

2.1073 

2.5225 

3.3033 

A. 2253 

6 

9.74 

1.5385 

1 .9983 

2.3693 

3.0652 

3,8936 

7 

9.74 

1.4486 

1.8613 

2.1971 

2.8387 

3.6262 

UPPfR 

CONFIDENCE 

LIMITS 

FOB  THETA 

ON  THE  ACCEPTANCE  BOUNDARY 

MIL-FTO-78IC  TEST  Plan 

v r>  ■ 

3.0  ALPHA  a BETA 

= 0 , 1 0 

numbfr  of 

FAILURES 

i 

total 
TEST  time 

Y=.  50 

c 

. 

II 

>- 

y=.  20 

*""s 

II 

• 

O 

y=.  0 5 

0 

3.75 

(1) 

<1> 

( 1 ) 

(D 

(1) 

1 

5.40 

5.4101 

10.5138 

1 6.8053 

38.5920 

73.1104 

2 

7.05 

3.0397 

4.6625 

6.2143 

9.6459 

14,4469 

3 

8.70 

2.4208 

3.4052 

4.2604 

5.9625 

8,0694 

4 

10.35 

2.1462 

2.8849 

3,4956 

4.6508 

6,0038 

5 

10.35 

1.99b6 

2.6113 

3.1057 

4.0178 

5.0622 

h 

10.35 

1.7947 

2.30O1 

2.7039 

3.4489 

4.3109 

mPPEP  CONFIDENCE  LIMITS  FOB  TMET4  On  THf  ACCEPTANCE  BOUNDARY 
MIL-STO-70JC  TEST  PLAN  VI  D ■ 3.0  ALPHA  * BETA  a 0.2o 
NUMbFB  OF  TOTAL 


failures 

i 

TEST  TIME 

Y=.50 

Y*»3o 

Y=.20 

Y=.10 

Y=»  05 

0 

2.67 

(1) 

(1) 

(1) 

(D 

Ml 

1 

4.32 

3.8520 

7.4858 

11.9654 

25.3415 

52.0546 

2 

4.50 

2.3418 

3.6027 

4. 8080 

7.4730 

11.2010 

(1)  THF  JPPEH  LIMIT  ON  THpTA  TS  INFINITE*  wITh  ZEPO  OBSERVED  FaIL"oES 

Table  I:  (cont'd)  (UPPER  - T .) 

Y / 1 

cow 


UPPER  CONFIDENCE  LIMITS  FOK  THt T A On  THE  ACCEPTANCE  BOUNDARY 


MIL-ST0-7H1C 

number  of  total 

test  plan 

n 

c 

> 

1.5  ALPHA  a BETA 

O 

r*> 

• 

0 

H 

failures 

test  time 

Y=.b0 

y =.3" 

Y — . 20 

O 

• 

II 

Y =.ft5 

i 

0 

3.15 

(1) 

(1) 

(1) 

(1) 

if) 

l 

A. 37 

A.5AA5 

9.BJ16 

1A.H65 

2R.B973 

8 1 , A l 27 

2 

5.5B 

2 ,485a 

1.B096 

5.0760 

7.8765 

11.7945 

3 

B. BO 

1.9A10 

2.7236 

3.A022 

A.7A91 

6. 4n95 

A 

6. HO 

1.6951 

2.2673 

2. 7375 

1.6186 

4, 6158 

5 

6.80 

1 . *2 1 A 

1 .6373 

2.1686 

2.7706 

3.4423 

UPPER  CONFIDENCE  LIMITS  FO*  THETa  On  The  ACCEPTANCE  ROUndARY 
^IL-STo-7B1C  TEST  PLAN  vlri  n ■ 2.0  ALPHA  a BETA  a 0.3o 


NUMbFR  OF  TOTAL 


failures 

4 

TEST  time 

Y=»50 

Y=»  3n 

Y=.20 

Y=.10 

Y=.  0 5 

1 

0 

1.72 

( 1 ) 

(1) 

(1) 

( 1 ) 

(1  > 

1 

3.10 

2.A01A 

4.8223 

7.7080 

16.3249 

33.5131 

2 

A. 50 

1.6120 

? . AH9  A 

3.3277 

5.1811 

7.7733 

ti»  thf  jppep  libit  on  thfta  ts  infinite*  with  ze»o  observed  faiu'dfs 


Table  It  (cont'd)  (UPPER  - 0 .) 

Y,i 


BIS1 J COFt 

m 


LOWFR  CONFIDFNCF  LIMITS  FOR  THETA  ON  THE  RFJECTION  BOUNDARY 


MIL -STD-7  81 C 

TFST  PLAN 

I C = 

1.5  ALPHA  = BETA 

= 0.10 

MUMRFR  OF 

TOTAL 

FAILURES 

TEST  TIME 

f 

Y=  .50 

II 

• 

04 

o 

Y=  .20 

II 

• 

M* 

O 

II 

• 

Q 

6 

.68 

.1199 

.0  971 

.0860 

.0733 

.0647 

7 

1.89 

.2835 

.2331 

.2083 

.1795 

.1596 

8 

3.11 

.4072 

.3389 

.3049 

.2649 

.2371 

0 

4.32 

.50  31 

.4226 

.3824 

.3346 

.3010 

10 

5. 54 

.5815 

.4926 

.4476 

.3939 

.3559 

11 

6.75 

.6454 

.5505 

.5021 

.4441 

.4028 

1? 

7.97 

.6997 

• 6004 

.5495 

.4831 

.4443 

IS 

9.18 

.7453 

. 6430 

.5902 

.5264 

.4806 

14 

10.40 

.7852 

.6806 

.6265 

.5606 

.5132 

15 

11.61 

.8194 

.7134 

.6582 

.5909 

.5422 

16 

12.83 

.8499 

.7428 

.6868 

.6184 

.5687 

17 

14.06 

.8773 

.76  95 

.7129 

.6436 

.5932 

18 

15.27 

.9012 

.7929 

.7360 

.6660 

.6150 

19 

16.49 

.922  8 

.8143 

.7572 

.6867 

.6352 

20 

17.70 

.9420 

. 8336 

.7763 

.7055 

.6537 

21 

18.92 

.9596 

. 8513 

.7940 

.7230 

.6709 

22 

20.13 

.9754 

. 8674 

.8101 

.7390 

.6867 

23 

21.35 

.9901 

.8824 

.8251 

.7540 

. 7016 

24 

22.56 

1.00  33 

. 8960 

. 8389 

.7678 

.7153 

25 

23.78 

1.0157 

. 9088 

. 8518 

.7808 

.72  82 

26 

24.99 

1.0269 

.9205 

. 8637 

.7928 

.7402 

27 

26.21 

1.0374 

.9315 

.8749 

.8041 

.7516 

28 

27.44 

1.0473 

.9420 

.8855 

.8149 

.7624 

29 

28.65 

1.0562 

. 9515 

. 8952 

. 8248 

.7723 

30 

29.  85 

1.0644 

.960  2 

.9042 

.8339 

.7815 

31 

31.08 

1.0723 

.96  86 

.9129 

.8428 

.7905 

32 

32.30 

1.07  97 

. 9765 

.9210 

.8511 

.7988 

33 

33.51 

1.0864 

.9838 

. 9285 

.8588 

. 8066 

34 

34.73 

1.0928 

. 990  8 

.9357 

. 8662 

. 8141 

35 

35.94 

1.0987 

. 9972 

.9423 

.8731 

. 8210 

36 

37.16 

1.1044 

1.0034 

.9487 

.8796 

.8276 

37 

38.37 

1.1096 

1.0091 

.9546 

.8858 

.8338 

38 

39.59 

1.1145 

1.0145 

. 960  3 

.8916 

.8397 

39 

40.82 

1.1193 

1.0199 

.9658 

. 8973 

. 8454 

40 

42.03 

1.1236 

1.0246 

.9708 

.9025 

.8506 

41 

43.10 

1.1269 

1.0283 

.9746 

.9064 

. 8546 

41 

44.31 

1.1369 

1. 0388 

.9853 

.9170 

. 8649 

41 

45.53 

1.1517 

1.0536 

.9998 

.9308 

.8779 

41 

46.74 

1.1691 

1.0703 

1.0159 

.9457 

. 8914 

41 

47.96 

1.1880 

1.0880 

1.0325 

.9607 

.90  47 

41 

49.17 

1.2069 

1.1051 

1.0484 

.9745 

.9165 

41 

49.50 

1.2120 

1.1097 

1.0526 

.97  80 

.9194 

Table  II:  (l-y)100%  standardized  confidence  limits  on  MTBF 
after  reject  decision  (LOWER  - 6 . ) 

~Y,t 


LOWER  CONFIDENCE  LIMITS  FOR  THE! A ON  THE  REJECTION  BOUNDARY 


MIL-STD-781C 

TEST  PLAN 

II  O = 

1.5  ALPHA  = BETA 

= 0.20 

NUMBER  OF 

total 

FAILURES 

TEST  TIME 

Y=  .53 

Y=  .30 

Y=  . 20 

O 

• 

II 

>- 

Y=  • 0 5 

Y 

t 

.24 

.0898 

.0  664 

.0561 

.0451 

.0381 

4 

1.46 

• 3981 

.3069 

.2649 

.2187 

.1884 

5 

2.67 

.5831 

• 4605 

.4028 

.3380 

.2947 

6 

3.90 

.7133 

.5733 

.5063 

.4299 

.3782 

7 

5.12 

.8075 

.6577 

.5851 

.5015 

.4444 

6 

6.33 

.8783 

.7231 

.6472 

.5590 

.4983 

9 

7.55 

.9347 

.7765 

.6985 

.6073 

.5440 

10 

8.76 

.9794 

.8198 

.7406 

.6474 

.5824 

11 

9.98 

1.0165 

. 8564 

.7765 

.6821 

.6158 

12 

11.19 

1.0468 

. 8869 

.8067 

.7114 

.6442 

13 

12.41 

1.0725 

.9131 

.8328 

.7370 

.66  91 

14 

13.62 

1.0938 

.9352 

.8549 

.7588 

.6903 

15 

14.84 

1.1122 

.9544 

.8743 

.7780 

.70  90 

16 

16.05 

1.1277 

.970  8 

.8909 

.7944 

.7249 

17 

17.28 

1.1413 

. 9854 

.9056 

.80  90 

.7390 

18 

18.50- 

1.1530 

. 5980 

.9184 

.8216 

.7511 

19 

18.78 

1.1536 

. 9986 

.9191 

.8223 

.7519 

19 

19.99 

1.1675 

1.0135 

.9340 

.8368 

.7654 

19 

21.21 

1.1937 

1.0389 

.9582 

.85  86 

.7844 

19 

21.90 

1.2109 

1.0546 

.9727 

.8709 

.7946 

MIL-STD-781C 

TFST  PLAN 

III  D = 

2.0  ALPHA  = BETA 

= 0.10 

NUMBER  OF 

TOTAL 

FAILURES 

TEST  TIME 

Y-.50 

Y=  • 30 

Y = . 20 

O 

• 

II 

>- 

LTV 

O 

• 

II 

3 

t 

.70 

.2618 

.1936 

• 1636 

.1315 

.1112 

4 

2.08 

.5724 

.4403 

.3798 

.3131 

.2696 

5 

3.48 

.7696 

.6062 

.5296 

.4437 

.3865 

6 

4.40 

• 840  3 

.6700 

.5894 

.4983 

.4371 

6 

4.86 

.9027 

.7232 

.6377 

.5405 

.4751 

7 

. 5.79 

.9535 

.7703 

.6832 

• 5830 

.5151 

7 ■ 

6.24 

.9998 

.8117 

.7210 

.6169 

.5460 

8 

7.18 

1.0383 

. 8488 

.7570 

.6512 

.5788 

8 

7.63 

1.0746 

.8818 

.7880 

.67  95 

.6050 

9 

8.56 

1.1037 

.9107 

.8164 

.7069 

.6315 

9 

9.02 

1.1332 

. 9382 

.8425 

.7312 

.6541 

10 

9.94 

1.1556 

.9610 

. 8652 

.7534 

.6758 

10 

10.40 

1.1793 

.9836 

. 8870 

.7738 

.6951 

11 

. 11.34 

1.1980 

1.0029 

.9063 

.7930 

.7138 

11 

11.79 

1.2170 

1.0214 

.9244 

.8100 

.7300 

12 

12.72 

1.2319 

1.0371 

.9402 

.8258 

• 7454 

12 

13.18 

1.2479 

1.0530 

.9557 

.8406 

.7595 

13 

14.10 

1.2599 

1.0657 

.96  87 

.8536 

.7722 

13 

14.56 

1.2731 

1.0790 

.9818 

.8661 

.7841 

14 

15.49 

1.2831 

1.0899 

.9929 

.8772 

.7950 

14 

15.94 

1.2939 

1.1009 

1.0038 

.8877 

.6049 

15 

16.88 

1.3025 

1.1102 

1.0133 

.8973 

.6142 

15 

17.34 

1.3118 

1.1199 

1.0229 

.9064 

.8227 

16 

18.26 

1.3187 

1.1275 

1.0307 

.9142 

.8303 

16 

19.65 

1.3434 

1.1572 

1.0595 

.9409 

.8543 

16 

20.60 

1.3755 

1.1825 

1.0830 

.9613 

.8715 

AVAILABLE  .COPY 


Table  II s (cont’d)  (LOWER  - e 


*Y,t' 


JEST 


! 

I 

f 

I! 

i 

l 

i 


1 


J 


LOWER  confidence:  LIMITS  for  theta  on  the  rejection  boundary 


MIL-ST0-781C 

TEST  PLAN 

IV  D = 

2.0  ALPHA  = BETA 

= 0.20 

NUMBFR  OF 

TOTAL 

FAILURES 

TEST  TIME 

t 

Y = .5  0 

-< 

II 

• 

04 

o 

Y = . 20 

O 

• 

II 

>- 

Y=  .05 

2 

.70 

.4171 

.2870 

.2338 

.1800 

.1476 

3 

2.08 

.8127 

. 5944 

.4997 

.3996 

.3367 

4 

2.80 

• 8914 

. 6643 

.5646 

.4578 

.3898 

4 

3.46 

1.0284 

.7767 

.6644 

.5428 

• 4646 

5 

4.18 

1.0734 

.8193 

.7052 

.5809 

.5004 

5 

4. 86 

1.1634 

. 8977 

.7768 

.6438 

.5567 

6 

5.58 

1.19L0 

.9251 

.8036 

.6693 

.5809 

fi 

6.24 

1.2478 

. 9767 

.8515 

.7120 

.6192 

7 

6. 96 

1.2654 

. 994  8 

. 8694 

.7291 

.6353 

7 

7.62 

1 . 30  3 1 

1. 0301 

. 9026 

.7586 

.6612 

8 

8.34 

1.3147 

1.0423 

.9146 

.7700 

.6717 

8 

9.74 

1.3763 

1.0986 

.9662 

.8133 

.7069 

LOWER  CONFIDENCE  LIMITS  FOR  THETA  ON  THE  REJECTION  BOUNDARY 


MIL-ST0-781C 

TEST  PLAN 

V 0 = 

3.0  ALPHA 

= BETA 

O 

▼-4 

• 

II 

NUMBER  OF 

TOTAL 

FAILURES 

TEST  Tinr 

t- 

Y*=.5J 

Y=.  3 C 

Y=.  2 0 

O 

▼4 

• 

II 

Y=.  0 5 

2 

.57 

.3396 

.2337 

.1904 

.1465 

.1202 

3 

2.22 

.8514 

. 6256 

.5271 

.4225 

.3564 

4 

7.75 

1 .4993 

.8334 

.7141 

.5845 

.5008 

4 

3. 87 

1.1275 

. 8559 

.7338 

.6010 

.5152 

5 

5.  40 

1.2816 

.9932 

.8613 

.7156 

.6200 

5 

5.52 

1 . 30  3 7 

1.0094 

.8758 

.7282 

.6313 

6 

7.05 

1.4030 

1.1049 

.9664 

.8118 

.7089 

6 

7.1 7 

1.4164 

1.1166 

.9772 

.8213 

.7175 

7 

8.70 

1.4866 

1.1845 

1.0427 

.8825 

.7746 

7 

10.35 

1.6326 

1.3112 

1.1575 

.9811 

. 8600 

LOWEP  CONFIDENCE  LIMITS  FOR  THETA  ON  THE  REJECTION  BOUNOARY 
MIL-STD-781C  TEST  PLAN  VI  D = 3.0  ALPHA  = BETA  = 0.20 


NUMBER  OF  TOTAL 


FAILURES 

TEST  TIME 

f 

O 

If* 

• 

II 

Y= . 30 

O 

CVJ 

• 

II 

>- 

O 

• 

II 

>- 

Y=.  05 

2 

t. 

.36 

.2145 

.1476 

.1202 

.0926 

.0759 

3 

2.67 

1.0053 

.7422 

.6266 

.5034 

.4253 

3 

4.32 

1.5801 

1.1648 

.9819 

.7862 

.6618 

3 

4.  50 

1.63  4 4 

1.2039 

1.0142 

.8111 

.6818 

COPY 


Table  II:  (cont’d)  (LOWER  - 0 . ) 

'“'Y  ft 


LOWER  CONFIOENCF  LIMITS  FOR  THETA  ON  THE  REJECTION  BOUNDARY 


MIL-ST0-781C  TEST  PLAN  VII  D = 1.5  ALPHA  = BETA  = 0 


NUMBER  OF 

TOTAL 

failures 

TEST  TIME 

Y =.50 

Y =.30 

Y =.20 

o 

r4 

• 

II 

>• 

Y : 

3 

t 

1.22 

.4562 

.3374 

.2851 

.2292 

4 

2.43 

.6856 

.5245 

.4513 

.3710 

5 

3.15 

.7501 

. 5824 

.5052 

.4199 

5 

3.  65 

.8322 

.6511 

.5671 

.4735 

6 

4.37 

.8743 

.6908 

.6050 

.5089 

6 

5.58 

1.0323 

. 8263 

.7283 

.6172 

6 

f .80 

1.2142 

. 9756 

.8611 

.7302 

LOWER 

CONFIDENCE 

LIMITS 

FOR  THFTA 

ON  THE  REJECTION  BOUNDARY 

J1IL-STD-731C  TEST  PLAN 

VIII  r = 

2.0  AL°HS 

= BETA 

= 0. 

number  OF 

TOML 

failures 

TEST  TIME 

A. 

Y = .50 

Y=  .30 

Y=  .20 

Y=  . 10 

Y = 

3 

1.72 

.6432 

.4757 

.4020 

. 3232 

• 

3 

3.10 

1.1121 

.8183 

.6885 

. 5494 

• 

3 

4.50 

1.3867 

1. 0011 

. 8298 

. 6451 

• 

Table  II:  (cont'd)  (LOWER  - 6 ) 

^ Y/t 


BESt JVMUBIE  OT 

k.*  • 


. 30 


= .05 

.1938 
.3188 
. 3638 
.4115 
.4448 
.5422 
.6412 


33 


.0  5 

?M2 
46  0 5 
5268 





IIPPFP  CONFIDENCE  LIMITS  FOH  THETA  On  THE  PFJtCTTON  BOUNDARY 


mIL-sTq-TBIC 

test  plan  I 

n ■ 

1.5  ALPH/I 

1 a BETA 

a 0 . 1 0 

NUMbFR  OF 

TOTAL 

FAILURFS 

TEST  TIME 

t 

Y=.50 

• 

1! 

>- 

Y=.20 

O 

• 

II 

Y=  .05 

6 

• hB 

.1199 

.1505 

.1742 

.2157 

.2602 

7 

1 .89 

.2835 

.3494 

.3995 

.4855 

.5757 

8 

3.11 

.4072 

.4951 

.5609 

.6724 

.7073 

9 

4.32 

.5031 

.6052 

.6007 

.80^4 

.9365 

10 

5.54 

.5815 

.6933 

.7751 

.9114 

1.0480 

11 

6.75 

.6454 

.7636 

.0496 

.9917 

1.1339 

1? 

7.97 

.6997 

.8224 

.9111 

1 .0567 

1.2015 

13 

9.18 

.7453 

.8711 

.9614 

1.1090 

1,2550 

14 

10.40 

.7852 

.9129 

1.0042 

1.1528 

1 .2991 

15 

11.61 

.8194 

.9484 

1 .0402 

1.1890 

1.3350 

16 

12.83 

.8499 

.9796 

1.0716 

1.2201 

1.3654 

17 

14. 06 

.8773 

1 .0073 

1.0992 

1 .2472 

1.3915 

18 

15.27 

.9012 

1 .0311 

1.1228 

1 .2700 

1.413? 

19 

1 6. *9 

.9228 

1.0525 

1.1430 

1 .2900 

1 .4320 

20 

17.70 

.9420 

1.0713 

1.1621 

1.3073 

1.4480 

21 

18.92 

.9596 

1 .0804 

1.1786 

1 .3227 

1 .4621 

22 

20.13 

.9754 

1 .1036 

1.1932 

1.3361 

1.474? 

23 

21.35 

.9901 

1.1176 

1 .2065 

1.3482 

1 .4050 

24 

22.56 

1.0033 

1.1301 

1.2104 

1 .3589 

1 .49*4 

25 

?3.78 

1.0157 

1.1416 

1.2293 

1 .3686 

1.5629 

26 

24.99 

1.0269 

1.1521 

1.2391 

1.3772 

1.5103 

27 

26.21 

1.0374 

1.1617 

1.2481 

1 .3851 

1.5170 

28 

27.44 

1.0473 

1.1708 

1.2565 

1 .3923 

1.5?31 

29 

28,65 

1.0562 

1 .1790 

1 .2640 

1.3988 

1.5285 

30 

29.85 

1.0644 

1 .1863 

1 .2700 

1 .4045 

1 .5332 

31 

31.08 

1.0723 

1.1934 

1.277? 

1.4099 

1 .5376 

3? 

32.30 

1.0797 

1 .2000 

1.2832 

1 .4148 

1.5416 

33 

33.51 

1.0864 

1 .2060 

1.2886 

1 .4193 

1.5451 

34 

34.73 

1.0928 

1.2116 

1.2936 

1 .4234 

1.5484 

35 

35.94 

1.0987 

1 .2168 

1.2982 

1 .4271 

1.5513 

36 

37.16 

1.1044 

1 .2217 

1 . 3o?6 

1 .4306 

1.5540 

37 

38.37 

1.1096 

1 .2262 

1.3066 

1 .4330 

1.5564 

38 

39.59 

1.1145 

1 .2305 

1.3103 

1 .4367 

1,5586 

39 

40.82 

1.1193 

1 .2345 

1.3139 

1 .4395 

1 .5607 

40 

42.03 

1.1236 

1 .2382 

1 #3  j 72 

1.4420 

1 .5625 

41 

43.10 

1.1269 

1 .2410 

1 .3195 

1 .4430 

1 .5638 

41 

44.31 

1.1369 

1 .2500 

1.3277 

1.4505 

1 .5690 

41 

45.53 

1.1517 

1 .2642 

1.3410 

1.4621 

1 .5786 

41 

46.74 

1.1691 

1 .2816 

1.3580 

1 .4777 

1 ,592? 

41 

47.96 

1.1880 

1 .3011 

1.3776 

1 .4965 

1 .6095 

41 

49.17 

1.2069 

1 .3213 

1 .3902 

1 .5170 

1 .6291 

41 

49.50 

1.2120 

1 .3268 

1 .4038 

1 .5228 

1.6347 

Table  II: 

(cont ' d) 

(UPPER  - 

i 


UPPER  CONFIDENCE  LIMITS  FO*  THETa  On  THE  REJECT  TON  BOUNHaRV 


MIL-ST0-78IC 

TEST  PLAm 

11  n * 

1.5  ALPHA  * BETA 

■ 0.2o 

number  OF 

TOTAL 

failures  test  time 

A. 

O 

tn 

• 

ii 

y-  .30 

Y=  .20 

Y=  .10 

Y=  .05 

3 

.24 

.0898 

.1254 

.1563 

.2178 

.2935 

4 

1.46 

.3981 

.5291 

.6369 

.8389 

1,0720 

5 

2.67 

.5831 

.7537 

.8902 

1.1394 

1.4185 

6 

3,90 

.7133 

.9040 

1.0538 

1.3224 

1.6179 

7 

5.12 

.8075 

1.0081 

1.1638 

1.4395 

1.7392 

8 

6.33 

.8783 

1.0837 

1.2415 

1 .5186 

1.8173 

9 

7.55 

.9347 

1.1420 

1.3000 

1.5758 

1.8715 

10 

8.76 

.9794 

1.1869 

1.3442 

1.6174 

1.9093 

11 

9.98 

1.0165 

1.2232 

1.3792 

1.6492 

1.9370 

12 

11.19 

1.0468 

1.2522 

1.4066 

1.6732 

1.9572 

13 

1 2. 4 1 

1.0725 

1.2762 

1.4289 

1.6922 

1.9726 

14 

13.62 

1.0938 

1 .2958 

1.4468 

1.7070 

1,9840 

15 

1 A . 84 

1.1122 

1 .3123 

1.4617 

1.7188 

1.9929 

16 

1 6 , 05 

1.1277 

1 .3260 

1.4738 

1.7282 

1.9996 

17 

17.28 

1.1413 

1 .3379 

1.4842 

1.7360 

2.0050 

18 

18.50 

1.1530 

1 .3479 

1.4928 

1.7422 

2.009? 

19 

18,78 

1.153b 

1.3403 

1.4932 

1.7425 

2.0093 

19 

19.99 

1.1675 

1 .3604 

1.5035 

1.7499 

2.0)4? 

19 

21.21 

1.1937 

1 .3854 

1.5266 

1 .7686 

2.0?77 

19 

21.90 

1.2109 

1 .4029 

1.5436 

1.7833 

2.039? 

mil-std 

•78 1 C 

test  plan 

III  n * 

2.0  ALPHA  » BETA 

■ 0 . 1 0 

NUMBER  OF 

TOTAL 

FAILURES  TEST  TIME 

4. 

y =*.50 

Y =.30 

Y=.20 

Y=.10 

Y=.  05 

3 

.70 

.2618 

.3658 

.4560 

.6352 

.8561 

4 

2.08 

.5724 

.7631 

.9208 

1 .2184 

1.5650 

5 

3.48 

.7696 

.9986 

1.1831 

1 .5226 

1.9075 

6 

4 .'4  O' 

.8403 

1 .0760 

1 .2643 

1.6079 

1.9949 

6 

4.86 

.9027 

1.1491 

1.3444 

1.6982 

2.0930 

7 

5.79 

.9535 

1 .2023 

1.3984 

1.7519 

2,1 450 

7 

6.24 

.9998 

1 .2542 

1.4535 

1 .8106 

2.2052 

R 

7.18 

1.0383 

1.2931 

1.4918 

1 .8469 

2.2385 

R 

7.63 

1.0746 

1 .3322 

1.5321 

1 .8878 

2.2783 

9 

8.56 

1.1037 

1 .3606 

1.5594 

1.9125 

2.2999 

9 

9.02 

1.1332 

1.3913 

1.5902 

1 .9423 

2 , 3?75 

10 

9.94 

1.1556 

1.4125 

1.6102 

1.9597 

2.3419 

10 

10.40 

1.1793 

1 .4364 

1.6336 

1 .9814 

2.3610 

11 

11.34 

1.1980 

1 .4536 

1.6495 

1 .9946 

2.3715 

11 

11.79 

1.2170 

1 .4724 

1.6674 

2.0106 

2,3849 

12 

12.72 

1.2319 

1 .4857 

1.6795 

2.0203 

2.3923 

12 

13.18 

1.2479 

1 .5011 

1 .6939 

2,0326 

2.4Q21 

13 

14.10 

1.2599 

1 .5116 

1.7032 

2.0398 

2,4073 

13 

14,56 

1.2731 

1 .5239 

1.7146 

2.0491 

2.4)44 

14 

1 5 .49 

1.2831 

1 .5326 

1.7221 

2.0547 

2.4103 

14 

15.94 

1.2939 

1.5425 

1.7310 

2.0617 

2. 4?3A 

15 

16,88 

1.3025 

1 .5497 

1.7371 

2.0661 

2.4263 

15 

17.34 

1.3118 

1 .5581 

1.7445 

2.0718 

2.430? 

16  • 

18.26 

1.3187 

1,5638 

1.7493 

2,0751 

2.4323 

16 

1 9,65 

1.3484 

1 .5911 

1 .7739 

2.0940 

2.4453 

. . • 16 

20.60 

1.3755 

1 .61«4 

1.7999 

2.1161 

2.4620 

Table  II: 

(cont'd)  (UPPER 

lESI.AVi 

VIABLE 

COPY 

UPPER  CONFIDENCE  LIMITS  FOR  theta  ON  THE  REJECTION  BOUNDARY 
HIL-STO-70IC  TEST  PLAN  IV  n * 2.0  ALPHA  a BETA  a 0.2n 


numbfr  op  total 


failures 

TEST  time 

t 

O 

in 

• 

11 

>- 

Y=.30 

Y=.20 

O 

• 

II 

>- 

Y=.05 

2 

.70 

.4171 

.6379 

.8*91 

1 .3163 

1.9698 

3 

2.08 

.8127 

1.1549 

1 .*606 

2.0916 

2.9133 

4 

2. 80 

.891* 

1 .2418 

1.5517 

2.1863 

3.0078 

4 

3.46 

1 .0284 

1 .4084 

1 .7379 

2.3998 

3,2*02 

5 

4. IB 

1.0734 

1.4541 

1.7030 

2.4418 

3.277* 

5 

4.R6 

1.1634 

1 .5551 

1 .8891 

2.5506 

3.3819 

6 

5.58 

1.1910 

1 .5816 

1.9139 

2.5716 

3,3986 

6 

6.24 

1 .2478 

1 .6413 

1 .9733 

2.6267 

3,4*55 

7 

6.96 

1.2654 

1 .6573 

1 .9876 

2.6377 

3.4533 

7 

7.62 

1.3031 

1 .69*8 

2.023? 

2.6677 

3.4759 

fl 

8.34 

1.3147 

1 .7049 

2.0318 

2.6737 

3,4797 

R 

9.74 

1.3763 

1 .766* 

2.0895 

2.7203 

3.5124 

UPPFR  CONFIDENCE  LIMITS  F OH  THETA  ON  THE  REJECTION  BOUNDARY 
MIL-ST0-7B1C  TEST  PLAN  V n * 3.0  ALPHA  a BETA  a O.ln 


NUMBER  OF  TOTAL 


FAILURES 

test  time 

Y =.  50 

y = » 30 

Y =.  2° 

Y = . 1 0 

Y = • 0 5 

2 

u 

.57 

.3396 

.519* 

.6914 

1.0718 

1 .6040 

3 

2.22 

.851* 

1 .2013 

1 .5104 

2.1387 

2.9*05 

4 

3.75 

1.0993 

1 .4966 

1.8373 

2.5110 

3.3*78 

4 

3.H7 

1.1275 

1 .5322 

1 .8783 

2.5609 

3.4Q57 

5 

5.40 

1 .2816 

1 .7020 

2.0557 

2.743* 

3,5848 

5 

5.52 

1.3007 

1.7245 

2.0802 

2.7703 

3.6129 

6 

7 , 1)5 

1 .4030 

1 .8304 

2.1855 

2.8695 

3 , 7q  1 0 

6 

7.17 

1.416* 

1 .8451 

2.2 009 

2.8850 

3.7155 

7 

8.70 

1.4866 

1 .9142 

2.2666 

2.9421 

3,761* 

7 

10.35 

1.6326 

2.0766 

2.4352 

3.1097 

3.9145 

UPPER  CONFIDENCE  LIMITS  FOR  THETA  ON  THE  PEJ.ECTTON  BOUNhaRY 
MTL-StD-781C  TE.ST  PLAN  Vl  r>  * 3.0  ALPHA  a BETA  a 0.2o 


NUMBER  OF  TOTAL 


failures 

TEST  time 

f. 

0 

• 

11 

Y=  ,30 

y~  ,20 

Y=  , 1 0 

Y=  .05 

2 

L 

.36 

.2145 

.3281 

.4367 

.6769 

1.01 30 

3 

2.67 

1.0053 

1 .4085 

1.7602 

2.4631 

3.3386 

3 

4.32 

1.5801 

2.2143 

2.7655 

3.8626 

5.2207 

3 

4,50 

1.6344 

2.2915 

2.8625 

3.9987 

5.4047 

Table  II: 

(cont ' d ) 

(UPPER  - 

Vt> 

BESIlA' 

mm. 

[COPY 

r 


WPPFO  CONFIDENCE  LIMITS  FOR  THfcTA  ON  THE  REJECT  T ON  BOUNDARY 


*«IL-ST0-7B1C 

test  RLAh 
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5 
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1 .5743 
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5 
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6 
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1 .740? 
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6 
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6 

6.80 
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1.72 
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2.1035 

3 

3.10 

1.1121 

1 .5594 
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4.50 
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Table  II:  (cont'd)  (UPPER  - 0 ) 
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